INTRODUCTION 35
Catastrophic events are commonly invoked to explain major changes in Earth's 36 history and they dominate both the scientific and popular literature. In many cases, 37 however, interpretation of the evidence is controversial, resulting in enduring debates. A 38 key example is the Messinian Salinity Crisis (MSC; 5.971-5.33 Ma; Roveri et al., 2014 39 and references therein), where hypersaline and brackish water deposits are thought to 40 have precipitated in a 1500 m deep desiccated Mediterranean basin (e.g., Hsü et al., 41 1973) . The initial hypothesis to explain the brackish "Lago-mare" conditions toward the 42 end of the MSC, is that shallow lakes existed both at the bottom of the desiccated 43
Mediterranean and all around its perched margins (e.g., Orszag-Sperber, 2006) . The 44 hypothesized basin-wide low-stand is still subject to debate (e.g., Roveri et al., 2014; 45 connected as a single Paratethyan lake. We calculate the net hydrologic fluxes and the 91 resulting freshwater budget in each basin, following the same methodology as Gladstone 92 et al. (2007) . 93
The late Miocene palaeogeography used in the numerical simulations of 94 Marzocchi et al., (2015) is representative of the Paratethys configuration during the early 95
Messinian. Reconstructions based on the analysis of Paratethyan facies and 96 biogeographic records of marine and terrestrial biota, suggest that during the MSC both 97 the Black and Caspian seas had smaller surface areas (e.g., Popov et al., 2006) . We 98 therefore perform our hydrologic calculations over a reduced surface area for the 99 Paratethys ( Fig. 1) . 100
101

SUB-PRECESSIONAL HYDROLOGIC CHANGES 102
A clear precessional signal dominates the simulated Mediterranean freshwater 103 budget, while Paratethys shows no evident orbital variations (Fig. 2) . This suggests that 104 the regular alternations observed in the Messinian geological record of the Black Sea, 105 which have previously been linked to precessional cyclicity (e.g., van Baak et al., 2015 106 and references therein), are probably a transferred signal driven by exchange with the 107 Mediterranean Sea. 108
Our hydrologic calculations indicate that throughout the simulated precession 109 cycle the annual freshwater budget of both the Black and Caspian seas is always positive 110 (mean ~3.1 and 3.4 × 10 14 l yr -1 , respectively). The hypothesized 1-2 km sea level fall in 111 the Caspian Sea (e.g., Jones and Simmons, 1996) and Black Sea (e.g., Hsü and Giovanoli, 112 1979) Sea's freshwater budget is strongly negative (mean ~−1.9 × 10 15 l yr -1 ) throughout the 118 simulated precession cycle (Fig. 2) , as a result of latitudinally-driven net evaporative loss, 119 even with the additional contribution from the Paratethys (Fig. 2) . This indicates that 120
Atlantic inflow is required to prevent the Mediterranean sea level from falling, which is 121 equivalent to the estimates obtained by Ryan (2008) . Today, the freshwater deficit over 122 which ultimately reached halite saturation (Krijgsman and Meijer, 2008) . By contrast, for 132 the Mediterranean to be full, Atlantic inflow must be ≥ 0.04 Sv. Atlantic inflow today 133 (0.7-0.8 Sv; e.g., Bryden et al., 1994) is an order of magnitude larger than the inflow 134 required to compensate for the freshwater deficit, because it also replaces the substantial 135 volume of water flowing out of the Mediterranean. It is not possible to constrain past 136 generally dominated by a small number of ostracods that tolerate a wide range of 149 salinities, mainly Cyprideis and Loxoconcha genera, but toward the very top of the 150 succession the biodiversity increases (Gliozzi et al., 2007) and closely resembles the 151 brackish-water Paratethyan fauna of the Black Sea margin (Stoica et al., 2016 and 152 references therein). 153
It has been calculated that in order to precipitate the thick (> 1 km) halite deposits 154 from MSC stage 2, a reduced but continuous inflow from the Atlantic would have been 155 required in combination with blocked outflow (Krijgsman and Meijer, 2008) . On the 156 basis of the numerical constraints provided by the model, we suggest that during stage 2 157
Atlantic inflow was less than 0.04 Sv, resulting in a Mediterranean sea level significantly 158 below the height of the connection with the Atlantic (Fig. 3a) , which led to halite 159 merely related to Paratethyan forms, but belong to the same species (Stoica et al., 2016) . 166 167
MSC Stage 3.1 168
At the beginning of the final stage of the MSC, Mediterranean sea level was still 169 below the Atlantic connection and inflow was therefore slightly below 0.04 Sv (Fig. 3b) . have resulted in a Mediterranean-wide hydrological reconfiguration (e.g., Roveri et al., 197 2014) . The resulting strongly stratified water column (Fig. 3c) have been high enough for the Mediterranean Sea to be close to full, but still lower than 212 the Mediterranean-Atlantic sill (Fig. 3c) . 213 214
Mio-Pliocene Boundary 215
In this scenario, the switch to marine conditions in the Mediterranean at 5.33 Ma 216 does not result from a quick flooding event (e.g., McKenzie, 1999) , but is rather the result 217 of progressive refilling of the basin (e.g., Cornée et al., 2016; Loget et al., 2005) . The 218 abrupt environmental transition at the Mio-Pliocene boundary could be achieved by 219
Mediterranean sea level reaching the height of the Atlantic sill, triggering Mediterranean 220 outflow into the Atlantic and driving a dramatic (up to an order of magnitude) rise in 221 Atlantic inflow. This was likely enough to break down Mediterranean water column 222 stratification and kick-start overturning circulation in the basin, eventually restoring 223 normal marine conditions (Fig. 3d) . Cornée, J.J., Münch, P., Achalhi, M., Merzeraud, G., Azdimousa, A., Quillévéré, F., 272
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